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Abstract - The information overload problem demands the need for refinement of Web Usage Clusters for web based 
recommendations and classified learning. Web Usage Clusters have a limitation of poor quality. To overcome these 
limitations, cluster refinement framework has been proposed in this paper to generate clusters with improved quality along 
with improved accuracy of recommendations to the target users and classified learning for web page predictions. 
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I. INTRODUCTION 
 
The information overload problem has become an 
important issue in recent times attracting researchers 
to the area of Web Mining. To analyze the large 
volume of data new types of methods were designed 
under the generic term of "Web Mining". Web 
Mining has been categorized into Web Usage Mining 
(WUM), Web Content Mining (WCM) and Web 
Structure Mining (WSM). Web content mining 
involves extracting suitable and appropriate 
information from millions of web sites and databases. 
Web structure mining involves the techniques used to 
study the web site structure of a collection of hyper-
links. Web usage mining on the other hand, involves 
the extraction and analysis of user access patterns 
from web servers in order to better serve the needs of 
the end users. The research interest in the field of 
Web Usage Mining has gained popularity because 
mining usage data helps the users in their decision 
making process of viewing web pages. The WUM 
term was coined by Cooley (Cooley et al. 1997). Web 
servers collect large volumes of data from the web 
sites' usage. This data is stored in web access log 
files. The process of knowledge extraction from the 
web access log uses techniques such as Clustering, 
Classification and Association Rule Mining. 
 
The primary motivation behind the use of clustering 
as a pattern discovery method in Web Usage Mining 
is to improve the performance efficiency and 
scalability of the web personalization tasks 
(Mobasher, 2007; Adami et. al., 2003; Cadez et. al., 
2003; Papadakis et. al., 2005; Rigou et. al., 2006). In 
clustering the data is divided into groups of similar 
objects. The aim for the division is to generate groups 
(clusters) where similarities within each cluster are 
maximized while the inter-cluster similarities are 
minimized (Srivastava et. al., 2000). Clustering web 
sessions can be achieved through web page clustering 
or user (session) clustering. Clustering of web pages 
is executed by grouping pages having similar content 
whereas clustering users (sessions) involves selecting 

appropriate features for a user session and defining 
the similarity/dissimilarity between two sessions 
(Wanga et. al., 2004). Standard clustering techniques 
can be applied for grouping similar users (sessions) or 
web pages. The similarity/dissimilarity is defined 
using a distance measure usually dependent on the set 
of the page views in sessions. The clustering 
techniques include partitioned clustering where 
segregation of the data objects is done into K groups 
with a known value of K; whereas hierarchical 
clustering builds a hierarchy of clusters, with the 
clustering at the top level containing a single cluster 
of all data objects and the clustering at the bottom 
level containing one cluster for each data object. 
Selection of an appropriate distance measure for 
partitioned clustering is a major challenge. Defining a 
good similarity/dissimilarity measure for partitioned 
clustering is dependent on the type of data, features of 
the data and often requires expert domain knowledge. 
The clusters obtained using any clustering techniques 
tend to have a measure of heterogeneity that affects 
the quality of the formed clusters. Hence, we are 
motivated to propose certain refinement techniques 
that will be applied after the formation of clusters. 
This will eliminate selected sessions from the clusters 
leading to overall improvement in the quality of 
clusters. The process of clustering also gets 
complicated due to the number of features that exist 
in each session, giving motivation to propose certain 
dissimilarity measures based on different features and 
their combinations. Frequent Itemsets originating 
from Association Rule Mining have been used for 
formation of clusters in various fields. Frequent 
Itemsets can be extracted globally from the complete 
data set and locally from a section of the data set. The 
relationship between Local Frequent Itemsets (LFI) 
and Global Frequent Itemsets (GFI) motivates to 
propose refinement of clusters using the itemsets 
existing in LFI but not in GFI for a particular cluster. 
The framework of the proposed cluster refinement 
system is depicted in Figure (1). The techniques of 
the proposed Refinement Unit are defined in the 
Knockout Refinement Unit (KRU), Modified 
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Knockout Refinement Unit (MKRU) and Weighted 
Frequent Itemset Refinement Unit (WFIRU).  In the 
first unit Knockout Refinement Algorithm (KRA) of 
the proposed framework is discussed. In the second 
and third units Modified Knockout Refinement 
Algorithm (MKRA) and Weighted Frequent Itemset 
Refinement Methodology (WFIRM) are discussed 
respectively. 
 
The Cluster Refinement Framework is proposed 
using three techniques. It uses dissimilarity and 
frequent itemsets based approaches. In the first 
technique, refined clusters are generated using the 
dissimilarity on the basis of page view feature. In the 
second technique, refinement of clusters is performed 
on the basis of dissimilarity which is dependent on 
other features, viz. time spent on common web pages 
in a session pair and weight of sessions depending on 
web page accessed with respect to a cluster. In the 
third technique, refinement of clusters is achieved 
using global and local frequent itemsets.  
In the subsequent sections of this chapter, various 
components are discussed briefly. In the last section 
applications of Web Usage Clusters such as 
Recommender Systems and Classified Learning are 
discussed. 

II.EXPERIMENTAL DETAILS 
 
2.1 Pre-Processing Unit (Pu)  
In the Pre-Processing Unit, redundant fields and 
records containing errors are removed from the web 
log. In pre-processing, data cleaning is a customized 
step, which includes extracting data from the usage 
logs, removing redundant URLs, error entries and 
image files. Most of the session construction 
heuristics only process html files; therefore other 
types of requests are eliminated. 
 
Once the data is pre-processed, session construction 
algorithms are applied to raw data in order to obtain 
session information for users. The construction of the 
user activities in sessions for a particular web site 
contains a mapping of the visits made by the web 
users.  
In order to obtain the pre-processed data, the time-
oriented heuristics was taken into consideration 
where session data is constructed by using the session 
duration time or time between consecutive web page 
requests (page stay time) as 30 minutes. The data 
obtained by pre-processing provides us with the Page 
View Matrix (PVM), Time Spent Matrix (TSM) and 
Frequency Count Matrix (FCM). 

 

 
Figure 1: Cluster Refinement Framework
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Figure 2: Pre-Processing Unit 

 
2.2 Clustering Unit (Cu) 
The Clustering Unit helps to generate clusters by 
grouping the sessions with similar interests. 
Clustering in our experiment has been performed by 
using the K-Means algorithm and the Self Organizing 
Map (SOM). 
 

 
Figure 3: Clustering Unit 

 
By applying the clustering techniques using a 
distance measure as the Session Selector (SS), groups 
of similar sessions are formed termed as Original 
Clusters (OCSet).   
 
2.3 Knockout Refinement Unit (Kru) 
In order to improve the quality of Original Clusters 
(OCSet) obtained from the clustering unit Page View 
based Dissimilarity Evaluator (PVDE). PVDE is used 
to evaluate the dissimilarity between every session 
pair within a cluster to find sessions contributing to 
the heterogeneity of the cluster. The proposed 
Knockout Refinement Algorithm (KRA) eliminates 
such sessions from the cluster using the Session 
Selector (SS) in order to improve the Cohesion 
(COH) within clusters and Separation (SEP) between 
clusters. The framework of the proposed unit is given 
in Figure (4). 
 

Figure 4: Knockout Refinement Unit 

2.4 Modified Knockout Refinement Unit (Mkru) 
In order to improve our refinement process KRA 
discussed in Section 2.3 the system needs additional 
information. We propose to add factors of time and 
weight differences to the page access dissimilarity 
measures and study there effect on refinement.  
Refining of clusters is performed by using a 
combination of access, weight of a session and time 
spent on web pages using the Dissimilarity Evaluator 
(DE) as shown in Figure (5).  
 

 
Figure 5: Modified Knockout Refinement Unit 

 
We analyze the proposed approach by using Simple 
Difference, Jaccard, Variance, Pattern Matching and 
BLWMN dissimilarity measures on the binary page 
access matrix. The purpose is to obtain groups having 
more similarity by eliminating sessions dissimilar to 
the rest in the same cluster by the Session Selector 
(SS). Original and refined cluster quality and effect of 
addition of the above defined features to each 
dissimilarity measure is discussed in this unit.  
 
2.5 Weighted Frequent Itemset Refinement Unit 
(WFIRU) 
The goal of the frequent itemset mining is to discover 
correlations between existing elements in a dataset. 
Main intension in this unit is to generate refined 
clusters on the basis of frequent itemsets. A frequent 
itemset is a set of web pages that occur in a cluster of 
sessions. The frequent itemsets discovered from the 
complete log file are termed as Global Frequent 
Itemsets (GFI).The frequent itemsets obtained from the 
individual clusters are termed as Local Frequent 
Itemsets (LFI). Both are used for the refinement process. 
The itemsets in the LFI not existing in the GFI are taken 
to be less important for the cluster; hence leading to the 
elimination of sessions accessing those itemsets in the 
Session Selector (SS) as shown in Figure (6). The 
rejection has an anomaly which might eliminate sessions 
important for the cluster; to solve this session weight 
ased selection is performed.   
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Figure 6: Weighted Frequent Itemset Refinement Unit 

 
2.6 Refinement Using Evolutionary 
Algorithmsand Their Combinations With The 
Proposed Techniques  
 
Evolutionary Algorithms are generic population based 
optimization algorithms inspired by biological 
evolution. These algorithms tend to find high quality 
solutions for optimization problems. For optimizing the 
Original Clusters (OCSet) formed using K-Means 
algorithm Genetic Algorithm (GA) and Particle Swarm 
Optimization (PSO) are used in the proposed 
Evolutionary Algorithms Refinement Component. GA 
when implemented individually suffers due to a costly 
fitness function and expensive computational cost. For 
solving the problem of GA, we propose to implement 
PSO in a linear fashion with GA as it has better 
computational efficiency. The linear combination of GA 
and PSO algorithms termed as Combined GA-PSO 
Algorithm (CGPA) help to overcome the problem of 
local minima. Further it is shown by experiments that 
effectiveness of combining MKRA and WFIRM with 
evolutionary techniques as shown in Figure (7) produces 
well separated and cohesive clusters with improved 
quality. 

 
Figure 3.7: Evolutionary Algorithms Refinement Component 

 
2.7 Validation Unit (VU) 
Validation Unit is responsible for ensuring the 
accuracy of the proposed refinement algorithms. Two 
application of Web Usage based clusters have been 
focused upon viz. Recommender Systems (RS) and 
URL prediction using Classified Learning.   
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2.7.1. Recommender System 
The recommender system is responsible for 
generating recommendations for the target user from 
OCSet and the RCSet which is obtained after 
refinement. Recommendations are generated using 
the cosine similarity between the target user and 
cluster centers of the obtained clusters in the 
Similarity Evaluator (SE) block of Figure (3.8). The 
cluster with maximum similarity is chosen to provide 
recommendations to the end user in the 
Recommendation Generator. The accuracy of 
recommendations is evaluated and compared to 
validate the refinement algorithms. 
 

 
Figure 8: Recommender System 

 
2.7.2. Ensembled Classified Learning 
Classified Learning can be used as an aid for the 
prediction of URLs to a similar session user. In this 
unit we evaluate the accuracy of prediction of URLs 
from the OCSet and the RCSet to similar session users 
using various different Learning Techniques such as 
Support Vector Machines, Rule Induction, Naïve 
Bayes, Decision Trees, Neural Networks and K-
Nearest Neighbors. An ensemble of the learning 
techniques is designed to study the improvement in 
accuracy of the predicted URLs in the Ensembled 
Learning Block in Figure (9). The learnt model is 
applied on the testing sessions and performance is 
evaluated. 

 
Figure 9: Ensembled Classified Learning 

 
2.8 Quality Evaluation Unit (QEU) 
The Quality Evaluation Unit is responsible for 
evaluation of all the following measure metrics. 
Cluster Quality Validation is a technique to find a set 
of clusters that best fits the partitions without any 
class information. Clustering techniques are based on 

previous knowledge termed as external validation 
criteria for clustering or on the information intrinsic 
to the data alone termed as internal validation criteria. 
As real problems do not have prior information 
internal validity indexes are used for cluster 
validation. The internal quality validity indexes are 
defined as follows: 
The Davies–Bouldin index (DBI) (Davies and Bouldin, 
1979) introduced by David L. Davies and Donald W. 
Bouldin in 1979 is a metric to identify sets of clusters 
that are compact and well separated. The Davies-
Bouldin index is defined as in Equation (2.11). 

 
 

Where K denotes the number of clusters, ݅,  ݆are cluster 
labels, ݀iam(C݅) and ݀iam(C݆) are the average distances  
of all objects  in the clusters C݅ and C  ݆  to their cluster 
centres, ݀(C݅, C݆) is the distance between the cluster 
centres. Smaller valuesof average similarity between 
each cluster and its most similar one indicate a better 
clustering solution. 
 
CONCLUSION AND DISCUSSION 
 
The presented refinement framework incorporates 
there finement of clusters for improvement in cluster 
quality along with enhancement inaccuracy of web 
page recommendations and URL prediction using 
classified earning. The framework defines three 
refinement techniques. Technique I deals with the 
refinement of session clusters taking the access 
feature into consideration, Technique II deals with the 
refinement of session clusters using additional 
features oftime and weight in terms of importance of 
web pages with respect to a cluster andTechnique III 
deals with the refinement of clusters using local and 
global frequent item sets of the clusters and complete 
log file respectively. Techniques I, II and III deal 
with the cluster quality problem. In the work at hand, 
the framework presented can be applied to various 
web based applications of usage clusters such as 
Recommender Systems and URL predictions to the 
end user. The techniques aim to generate better 
quality clusters that in turn improve the accuracy of 
recommendations and prediction of URLs to the 
target user. Furthermore, extensive experimental 
studies have been conducted to prove that the 
proposed techniques significantly outperform the 
state of art available algorithms such as Distance 
Between Sequences (DBS) and Number of Hits 
(NoH) algorithms in many aspects of cluster quality 
like Davies Bouldin Index, Dunn’s Index, Cohesion, 
Separation and Silhouette Coefficient. There is 
significant improvement in the Precision, Recall and 
F-Measure scores for recommendations provided 
using refined clusters as compared to original 
clusters. Classified learning of refined clusters is 
better in terms of Accuracy, Classification Error, 
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Root Mean Square Error, Weighted Mean Recall and 
Weighted Mean Precision as compared tooriginal 
clusters. The NASA, EPA and SDSC web log data 
have been used for validation available at 
ita.ee.lbl.gov along with five synthetic data sets. The 
presented Refinement Framework addresses the 
major issue of quality of Web Usage Clusters due to 
information overload in terms of intra cluster 
cohesion and inter cluster separation. Apart from 
generating good quality clusters, the presented 
Refinement Framework addresses the issue of 
providing good quality recommendations along with 
prediction of URLs using classification techniques 
from refined usage clusters. The contribution of the 
presented Refinement Framework is briefly 
discussed. Firstly, using the access feature for 
evaluating dissimilarity between session pairs in a 
cluster helps in the elimination of sessions 
contributing to the heterogeneity of the cluster. 
Secondly, additional features of time spent on 
common web pages in session pairs and weight of 
web pages with respect to a cluster have been taken 
into consideration for evaluating dissimilarity and 
elimination of sessions from a cluster. Thirdly, local 
frequent item sets of individual clusters and global 
frequent itemsets of the complete web log along with 
the session weights are used for the refinement of 
clusters. The Refinement Techniques are used to 
eliminate sessions from the Original Clusters(OCSet) 
formed using the K-Means algorithm. The refinement 

techniques divide theOCSet into the Similar Sessions 
Set (SSSet) and the Dissimilar Session Set (DSSet). 
The elimination of the DSSet from the OCSet leads to 
the formation of the Refined Clusters(RCSet). This 
RCSet obtained provides improved quality clusters 
that are used for providing recommendations to the 
target user and improving the process of classified 
learning from web usage clusters. 
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